We have characterised two restriction fragments, isolated from a "shotgun" collection of human UNA, which function as autonomously replicating sequences (AKSs) in Saccharomyces cerevisiae.
INTRODUCTION
Little is known about the structural organisation and regulation of eukaryotic UNA replication (reviewed in 1 and 2). It is still not clear whetner there are specific origins of replication.
The non-random spacing of initiation sites in Urosophila embryos and in somatic cells (3) indicates that this might be the case. However initiation of DNA replication in Xenopus laevis eggs does not require specific sequences (4) .
There is also evidence for functional differences between initiation sites implying some ele.nent of specificity in the replication mechanism. For example, in mammalian cells the same regions of UNA are replicated at the same times during successive S phases (5) and different initiation points may be used in the same cells under different environmental conditions (6) .
The idea that eukaryotic DNA replication may involve specific sequences was strengthened by the discovery that a specific subset of restriction fragments from yeast chromosomal DNA can replicate in yeast independently of the chromosome (7) . These autonomously replicating sequences (ARSs)
increase the transforming ability of yeast integrative plasmids (eg.8) by No ARSs have be isolated from bacterial chromosomal DNA (13) . The frequency of isolation of ARSs from yeast chromosomal DNA closely reflects the frequency of replication origins determined by electron microscopic techniques (18) . Furthermore DNA replication initiates specifically in the region of yeast ARSs in vitro and specific protein complexes involved in replication also bind specifically to ARSs ^ii vitro (19, 20) . In addition different yeast ARSs replicate at different but specific times during the yeast cell cycle (21) . These studies suggest that yeast chromosomal sequences with ARS activity may contain biologically significant sequences which are important for the initiation and/or regulation of eukaryotic DNA replication. It is possible that sequences isolated from other eukaryotes which have ARS activity in yeast might also be involved in DNA replication in the homologous systems. Sequence comparisons of several yeast ARSs (14, 15, (22) (23) (24) (25) (26) has revealed an 11 bp consensus sequence, 5'-TAAAPyAPyAAPuA- 
MATERIALS AND METHODSB
acterial and yeast st_rains and media E.coli strain Sf8 = C600, hsd_Rk, hsdMk, lopll, leu R6_ re£BC.
Saccharomyces cerevisiae strain MD40-4c = «, ura2, leu2-3, Ieu2-112, his3-11, his3-15, trpl. E.coli were grown in Luria broth (28) . Yeast media were prepared according to Hawthorne and Mortimer (29) .
Enzymes
Restriction endonucleases and ligase were purchased from Bethesda
Research Laboratories (BRL) and were used according to the suppliers instructions.
Yeast transformation
The method described by Hinnen et_ al_ (8) Ap , Cm and Tc are respectively, resistance to ainpici Llin, chloramphenicol and tetracycline.
DNA sequencing
The nucleotide sequence of human ARS fragments was determined by the dideoxy chain termination method of Sanger et_ al (38) . Single stranded templates were isolated Dy subcloning either Hind III-tSgl II or Eco RI-Bgl II fragments into M13rap« or M13mp9 (39) .
RESULTS
Isolation qf_ human DNA fragments with_ ARS_ activity
We have used three plasmids for the isolation and characterization of ARSs; pGT6 , which contains a 2kb Pst I yeast chromosomal LEU2 fragment inserted at the Pst I site in pBR322 (22); pMA300 which contains the same 2 kb LEU2 as pGT6 but inserted into pBR325 ( Figure 1 ) and pMA700 wliich The first is that they transform yeast at a relatively high frequency and the second is that they are unstable. Our ability to rescue plasmid DNA from the transformants is consistent with autonomous replication and preliminary observation of the transformants suggested that they contained unstable plasmids. To confirm the autonomy of the four plasmids and to quantitate their behaviour, the transformation efficiencies and stabilities were compared with the archetypal yeast ARS containing plasmid YRp7 (9,10) To localize the ARS activity on these plasmids various restriction fragments, indicated in figure 2, were subcloned into either pMA700 or pMA300 as appropriate. The ability of each subclone to cransform yeast at a high frequency was tested. In the case of subclones from pMA50, fragment g was sufficient to give high frequency transformation and fragments which did not encompass this region were not capable of high frequency transformation. The human ARS activity had therefore been localized to a 0.7 kb Hind III-Bgl II fragment. In the case of pMA54 the ARS activity was localised to the 2.3 kb Hind III fragment b. The Hind IIIBgl II fragment g from pMA50 replaces the small Hind III-Bam HI fragment in pMA300 to give plasmid pMA501 and the insert is referred to as human ARS1.
The Hind III fragment b from pMA54 is inserted at the Hind III site in pMA300 to give plasmid pMA541 and the insert is referred to as human ARS2. 
Colony size was judged subjectively four days transformation. L = large, S = small. Nucieotide sequence oi_ the RS and RE domains of-human ARS1 and ARS2
The sequencing strategy is outlined in figure 3 . 5 ) and although this is not required for the ARS phenotype a role in determining maximum efficiency of autonomous replication cannot be excluded. Homology block 2 shows some similarities with sequences thought to be significant in yeast ARSs (23) and the human sequences are compared with several yeast ARSs in figure  7 .
There are additional short sequences located in the RE domains of both conditions. The frequency of isolation of ARSs was low and recovery of primary transformants after replating on the same medium was less than 50%.
The four human ARS transformants selected for further analysis grew more slowly and were less stable than yeast transformed with YKp7 (table 1 *To whom correspondence should be sent
